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ABSTRACT 
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introduced vfaicfa includes three sajor (»>»ponentBS task analysis 
{involving disensions sach as objectives^ skills* and subject latter 
structure) f learner asalisis {concerned with variables such as age* 
population* and group characteristics), and aeans analysis {Involving, 
the selection of instractiontal strategies* techniques of evaluation 
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ABSTRACT 

ft conceptual frasseworlc^^ fot^ -instructional ^design ^'xs 
introduced- vhich includes three major coxponents : task 
analysis, learner analysis, and aeans analysis* Task 
analysis involves diUenslons such as objectives, skills and 
subject matter structure* Learner analysis is concerned vith 
variables such as age, population and 9£ottp charactex'istics , 
ana individual differences. Heans analysis involves the 
selection of instructional strategies,, techniques of 
evaluation and feedback,' and media* An instrnctipnal design 
cycle is discussed vhich illustrates hov these three 
components fit into an overall educational context* This 
ffamevork is then used to consider the application of 
instructional design to CM activity* 
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X* iJl Introduction to lus . tru . c^ ijaB^ Design 

This first section provides a brief introduction to and 
overviev of instructional design* It presumes no prior 
Jtnoirledge of the topic nor any technical b^tckground in 
education* Subtopics covered are the purpose of 
instructional design; differences betveen instruct ion # 
teach ing# and learning; the three la^or aspects of 
instructional design ; and the sa jor stages of the 
instructional design cycle* The reader who vishes to study 
the topic in further detail should consult ofieofjthe-iraTiy" 
good ]x>o}cs available on the topic le^g^^^Jajrisr^Tflexander & 
Telon, 197^1; Gagne & Brigag^-I^TTfReap, 1971; Berriil, 
1971) • ^ — 

!• Hhat' IS Instructional Design, Anyway? 

One way of interpreting this question is **l4hat' is it 
about?*** The purpose of instructional design^s^o produce 
more effective learning* it attenpts to achieve this purpose 
by the specification of environmental conditions/situations 
vhich trill lead to more effective learning* xt involves an 
attempt to define as precisely as possible # wh^it constitutes 
"effective** learning. It should be clear that instrtictional 
design is based upon the assumption that more effective 
learning is a desirable goal# and further^ is vorth the 
costs and commitment of rl&sources vhich such an effort 
entails* Anyone, who rejects this goal# either vholly or in 
partf trill have little use fo.r instructional design* 

\ J 

Xt trill help to dqfine instructional desiqn hy 
contrasting ins^'trucliion trith teaching and learning* The 
notion of instruction nay j^em to be synonymous trith that of 
teaching, while _ instruction and' teaching are intimately 
related^ they are not the same thing* First of all, as an 
activity # teach ina is much broader than instruction* 
Teaching involves numerous clerical and administrative 
duties# classroom management^/ informal student counseling 
and guidance^ and a host of other functions which do not 
directly pertain to learning* Instruction # on the otKer 
handf focuses quite narrovly .on factors directly affecting 
learning* Secondly^ instructional design is a systematic 
activity* In contrast to the intuitive **fly by the seat ox 
your pants** type of decision-making typically involved in 
teaching^ or the '*rule of thumb** procedures taught in 
teaching methods courses^ instructional design attempts to 
formulate principles of instruction trhich irhen fblloired 
exactly^ trill trork reliably and in a reproducible fashion. 
The ultimate goal of instructional design vould be to 
formulate a theory of instruction trhich specifies for a 
given student aud learning tasjc, the optimal manner in trhich 
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In addition to the systematic nature of instraction, 
there is a- third itajor characteristic vhich distinguishes 
instruction from teaching . This is the fact that 

instructional design is an empirical approach to 

J,nstt1iction. It is certainly true that nost teachers hare 
always tried to think out the ways to produce effective 
lear&iifi9* This is a rational and Intuitive orieiktation to 
instructional effectiveness. Instructional design .inirolres 
considerable attention^to the monitoring and aeasurenent o£ 
instruction by precise neans* Instruction is evaluated and 
improved through an empirical approach* lu the instructional 
design cycle (which ve will discuss It^ter) , research is an 
integral part of the delivery o£ instruction* 

Learning is the intended outcome and criterion of 
instructional design* Because of this, it would seem that a 
theory of learning and a theory of instrac-iioh should -be one 
and the same* This is not the case, however* The study of 
learning is a descriptive enterprise, the goal being to 
describe the processes < by means of which behavior is 
permanently altered* To^ay, the study of learning focfises 
primarily on t^e mental or cognitive aspects of learning » 
what changes go on in the thinjcing processes* Instructional 
design, howeyer is prescriptive rather than descriptive in 
nature* It attempts to formulate principled? vhich specify or 
dictate how to manipulate the environment so that effective 
learning will occur** Furthermore, learning theory involves 
the fundamental search for basic laws which describe 
learning processes in all their forms and manifestations* 
instructional .design is an applied science (educational 
engineering, if you like), and is essentially concerned with 
the establishment of principles which can be used un^er 
well-defined conditions to produce effective learning* While 
a theory of learning and a theory of instruction must 



1* For some suggestions about what such a theory of 
instruction might look like, see Atkinson (1972), Bruner 
(1967), Di Testa (1872), or Gropper (1976)* 
2* The prescriptive nature of instruction, particularly, the 
idea ^of ''manipulating the learner*s environment** often 
raises the misconception that instructional design is an 
anti -humanistic affair* This is patently wrong* Nothing 
could be mor^ genuinely humanistic than an overall goal of 
allowing each individual to learn most effectively and hence 
realize their full perspLal potential* Furthermore, for 
certain subjects and learners, the only ^^manipulation** 
reguired may be to provide a^ suitably rich learning 
situation and adetjuate resources* 
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ultiiately be »irror ittages of each other^ they represent 
tvo different f igare-^ground perspectives* 

To sa»arize, then, the purpose of instractional design 
is to produce effective learning via the optiial arrangement 
of environiental conditions* Instructional design is closely 
related to teaching and learning but it differs fron these 
in that it is systeaatic, enpirical and prescriptive in 
nature* 

2* What is Instructional Design, Anyvay? 

> 

j^nbther wa? of construing the guestion is in the foti 
of **llhat does it involve?*** Instructional design can be 
divided intcf three najor aspects: task analysis, learner 
analysis^ and aeans analysis* Sach of these three aspects 
enc<»ipasses a doaain of aajor instructional diiensions* A 
comprehensive instructional design vill involve the 
dimensional interaction of the£;e three donains* Figure 1 is 
a conceptual nodel vhich illustrates the interaction of the 
ftajor dinensions of instructional design* 



Insert Figure 1 about here 



Task analysis is concernec! vith the **irhat**^ dimensions 
of instruction* The analysis of **vhat** dimensions is closest 
to vhat has traditionally been subsumed under the rubric 
"^curricibluii design*** It involves the analysis of the 
characteristics of different subject matters (e*g*, history 
versus mathematics), the particular structure of one subject 
{e*g*, arithmetic versus topology)^ as veil as ^general 
variables such as difficulty levels:, step sizes, inherent 
logics and sequences, hierarchial organization, etc* All. of 
these variables deal vith the con tent of a task or subject* 
Ausubel (1968, Chapter 9) discusses these characteristics in 
terms of the role they play in the meaningful structure of a 
subject matter* 

K second and very important component of task analysis 
is the specification of instructional objectiTes* in fact, 
task analysis is often taken to be synonymous vith this 
dimension* While there are many differing conceptions of 
exactly hov objectives^ '^hou Id be specified (see Davies, 
1973), it is geiieraiay agreed that they should define the 
expected behavior of a learner after instruction has 
occurred* Only if the ob;Jectives vere clear and explicitly 
stated is it possible to determine if learning actUully 
occurred and assess hov effectively* For this reason^ the 
formulation of objectives for a particular task or subject 
is crucial to ^the overall success of instructional design* 
The specification of objectives usually, but not alvays. 
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FIGURE 1 



MftJOR DIMENSIONS OF INSTRUCTIONAL DESIGN 



TASK ANALYSIS 
(WHAT) 



LEARNER ANALYSIS 

(who) 




MEANS ANALYSIS 
(HOW) 
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indicates the situation or context of instruction* Is this 
instruction which is to be conducted in the classroom or is 
it on the job training? Is the taste to be learned for 
illustrative purposes or is it to be actually performed? Tb^ 
proper specification of the context is iaportant because 
this is the context in which the learning nil! bft assessed* 
rt is clearly instructional folly to teach a task: in one 
context and test in another* 

Finally^ task analysis involves the specification of 
the skills or abilities which are reguired Dy a par$;icular 
task or subject* In order to specify the nature . of 
instruction needed^ one cust be able to specify vhat types 
of abilities (^«g*# cognitive^ affective^ psychomotor) are 
involved and what levels* Taxonomies o£ learning outcomes 
(e*g*^ Blooft^ 1956; Gagne^ 1970) are valuable tools in the 
identification o£ levels of skills and abilities* 

Learner analysis is concerned nith the **who** disensions 
of instruction* The analysis of **who** dinensions is 
necessary because instruction vill be different for 
different types of learners for the sane task or subject* 
Hhile a nuftber of diff«»rent approaches to learner analysis 
have developed in the past {see Sc)^iien^ 1973) ^ a systematic 
learner analysis methodologr for instruction does not really 
exist at present* 

A rather broad and enconpassing **irho** dimension is the 
pre-entry skills or behavior of the learner* Any instruction 
aakes certain assunptions about the skills and abilities 
.which the student already possesses* Failure to possess 
these assumed skills will alisost certainly prevent the 
learner froi ben^iting from the instruction and achieving 
the desired learning objectives* A fairly sittple example 
involves the understanding of instructions provided for a 
task* A student nho lacks the necessary reading or 
CQsprehensioD ability to understand the instructions clearly 
cannot progress very far on the 'task* Because sost tasks 
involve a hierarchial organization of dependent steps # 
failure to possess the necessary skills itill eventually 
produce inefficient learning* 

One na jor learner Analysis dimension is age* 
Developmental theories {e*g*^ Piaget^ Bruner^ Kolberg^ 
Werner) all suggest that the availability of certain 
abilities and ^ skills is an age dependent phenomenon* This 
fteans that the design of instruction «ust be arranged ^nith 
such developmental sequences in sind* It must be detemined 
whether or not the required skills for a task or subject are 
typically available at ^ the age level of the students* 
Conversely^ the design of instruction should take advantage 
of the particular skills or abilities available to the 
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learner at a particular age* Things other than abilities 
change vith age also; the nature of motivations, attitudes, 
curiosity and learning sophistication all change vith age* 

Another di&ension of learner analysis is the population 
or grovp characteristics of the learners* This af^oect of 
learner analysis is lost evident in the design of 
instruction for learners vith physical or lental handicaps 
or disabilities* it is also of obvious concern ,.lrhen the 
instruction is designed to span cultural barriers such as 
instruction intended for native students* Within any 
particular population, there are certain subgroups {e*g*, 
poor '*inner city** students versus affluent suburban 
students) vith differences in abilities, botivations^ 
attitudes, etc*, vhich vill reguire particular attention* 

Individual differences arc a well studied (but still 
poorly understood) dimension of learner analysis* Here ve 
are concerned trith differences between individuals vhich 
necessitate different instructional methods to produce 
equally effective learning on the saie task* This includes 
differences in aptitudes, abilities, styles, and personality 
traits* Since individualized instruction is a lajor concern 
of instruction design, a sophisticated Icnovledge of the vays 
individuals differ in learning is important* 

neans analysis is concerned with the '*hov** dimensions 
of instruction* The problem here is. to determine vhat 
processes or procedures are necessary to teach certain types 
of learners and tastes* while means analysis is a ver.y 
important aspect of instructional design, little systematic 
attention has been devoted to a theory of instructional 
means* This is mainly because instructional ends (goals, 
objectives) have traditionally been emphasized « Hovever , 
Olson (1976) has some cogent remarks on this point: 

Hy conclusion is that the means of education have had 
a more important effect on the development of mental 
competencies and on the literate bias of the culture 
than ve have here*-to^fore realized* Choice of means 
must be as rational and reflective a process as the 
choice of ends * **Bdncation must recognize tltat vhile 
the content chosen ma}:es some contribution to 
tcnovledge, the means of instruction chosen recruits 
and makes some contribution to the child *s 
intellectual skills, (p* 3^1, original italics)* 
Existing research in means anal^^sis has mostly been devoted 
to the comparative study of different media* This research 
has attempted to compare the relative effectiveness of 'one 
media over another (e*g*, TV versus films) as veil as the 
best vays of utilizing a particular media* This line of 
research has led to the formulation of media taxonomies 
(e*g*, Clark, 1975; Heidt, 1975) indicatinQ vhen to.use vhat 
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media* 

The specification of instructional strategies or nodes 
is another major dimension seans analysis* This involves 
the ^selection of laacrostrategies snch as group versus 
individual instruction or expository (tutorial) . versus 
exploratory (socratic) lodes , and iticrostrategies which 
include the use of techniques sucK as shaping/ fading^ 
prompting, and so on, vithiB any particular aacrostrategy* 

Student evaluation is another Ba3or dimension of means 
analysis* In designing evaluation, a selection must be made 
between the na;|or types possible (e»g# , criterion* 
referenced, domain-referenced, norm-referenced) in terns of 
the nature and type of feedback that will best aad the 
learner. Evaluation will also affect the difficulty, 
sequence, and step size of the instruction, remedial or 
enrichment segments, etc. 

L 

further dimension of means analysis is motivational 
variables* Rays of maintaining tho interest and attenticn of 
the learner must be designed if learning is to take place* 
Reinforcement theory provides ideas and guidance for 
■aintainiirg^m^otlvation* Humor and novelty are devices also 
used to maintain motivation. The appropriate "mental set* 
may facilitate learning, an inappropriate one may inhibit 
it . Certain means may bo used for their motivating 
properties which enable learning to occur even though they 
do not directly contribute to learning* 

o 

Task, learner and means analysis are the three major 
aspects of\ instructional design* However, instructional 
design (and hence effective learning) is the result of 
interaction between these three aspects a£F depicted in 
Figure 1. Analysis of the task, learner and means dimension^ 
is actually carrieil out in terms of^ their interaction; the 
separation of the dimensions is merely a conceptual one for 
the purposes of discussion. Thus, 6ne studies the 
differences in abilities or skills across age so that one 
can determine what instructional strategies will be optimal 
for learners of those different ages. One is concerned with 
the individual and population differences for a certain 
subject matter so the appropriate motivating conditions can 
be arranged . Different subject' matters may be most 
effectively presented via certain media* And so on . 
Instructional design . is primarily concerned with 
understanding the complex interaction of •what'*, "who** and 
"how** dimensions to produce effective instraction • 
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3# What is Instructional Design, Anyway? 

A third vay of interpreting this question is, *<ffhat 
kind of activity is it?". Instructional design as an 
activity involves five jor phases > These are best 
described in terns of stages in an instructional design 
cycle. &n idealised instructional design cycle is shovn in 
Figure 2. . 



Insert^ Figure 2 about here 



" The initial stage in this cycle involves the 
identification of educational needs and goals* Frost society 
at large, or perhaps nore locafl contacts # certain 
educational needs or goals are discerned* These lay ramge 
fron the exceedingly nebulous (e.g«, the transvission of 
cultural heritage, re'^alization of seXf-^potential) to €hose 
vhich are more specific and task-oriented (e«g., reading or 
spelling proficiency^ ability to aanage a business}* This 
first step in the instructional design cycle invoxves the 
translation of s^ch goals from the overall system into goals 
vithin the educational system* This *a7 or May not involve 
the opin,\on of the instructioivax designer as to the validity 
of these goals and needs* 

The second stage of the cycle involves the definition 
of instructional objectives. This Means that educational 
goals sust nov be translated into objectives vhich can be 
learned • At this point, task and learner analysis are 
involved to determine the relevant dimensions of the task 
(one of ¥hich is the objectives) . and the characteristics of 
the learners involved* This stage typically involves 
specialist in the subject matter or task concerned -^t.^ 
someone experienced vith the particular population/group of 
learners* ^ 

Assuming that ^ the goals have been successfully 
formulated into specific objectives, the next stage invplves 
the actual preparation of instruction* This involves learner 
and means analysis to determine the appropriate ••ho»*» 
dimensions for the particular task and learners* This stage 
trill typically involve media specialists the actual' 

formulation and production of instruction* Having 
accomplished the preparation, the instruction is carried out 
as prescribed. 

The delivery of instruction leads to the neit stage, 
evaluation of instruction* This is truly the Empirical phase 
of instructional design* Such evaluation frill typically be 
of tvo kinds, formative and summative* Formative evaluation 
is the assessment of the effectiveness for the purpose of 
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FrGURE 2 
INSTRUCTIONAL DESIGN CyCLE(S) 
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forMipq better instruction. This type of evaluation is isost 
concerned vith finding out if the selected instructional 
means are resulting in the' learning of ^the specified 
objectives for all students. Clearly, the seasurenent nust 
be sensitive if it is to provide useful Unforsation on the 
instructional inadequacies and gaps* The results of 
formative evaluations are used to revise the instructional 
means or possibly the instructional objectives. This is the 
first type of instructional recycling vhich goes on in an 
instructional design cycle. 

The second type of evaluation is called sunnative 
evaluation. The purpose of sumnative evaluation is to §nm up 
the effectiveness of instruction in terms of a comparison 
vith other existing methods of achieving the same 
objectives* It also involves the tabulation of any positive 
or negative outcomes vhich were not anticipated or iiicluded 
in the speci fied objectives. Summative evaluation is 
typically more formal and rigorous than formative evaluation 
and attempts to provrde definitive ansvers to educational 
decision-aakers regarding the acceptability of the studied 
form of instruction. It is common for thi±$ stage t^o involve 
measurement and ev^^luation specialists eho are essentially 
independent of the pjpevious instractional design vork* 

The 'vfiiiaP* stage c>£ the instructional design cycle is 
the implementation of Instruction vhich has been judged 
effective. At this point all formal and planned evaluation 
has been completed and the steps nov , involve the 
dissemination and distrlbutic^n of the instructional method 
or product* This may involve the local or widespread use 'of 
the instructional produc' and may involve commercial 
marketing. The **new'» instructional method, now becomes the 
standard. This sets the stage for the second major type o£ 
instructional recycling, between the implemented product and 
educational needs and goals (the first stage of the cycle). 
The implementation .of an instructional method may veil cause 
the redefinition *"ot educational goals and needs vhich 
initiates a nev turn of the cycle*^ Instructional design is 
inherently an iterative procedure. In actuality, it has no 
real end, no final state. For this reasou instructional 
design must be understood as a, process of continual change 
and innovation. 
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11m Applying Instructional Desiqp to CAy 

This section considers soae specific tastc^ learner/ and 
neans variables in the context of the design of CAX 
materials* It assumes a reasonable familiarity with current 
CAX systems and terminology* since the overall problem is to 
^etermioe yhen a particular neans variable is appropriate 
(or when it is not) with respect to differences in task: a^3 
learner variables, the discussion o£ taste and learner 
dimensions will be in terms, of their relationship vith the 
*'hov*' dimensions of instruction* While this discussion is 
primariy concerned with the instructional capabilities of 
current CAl systems, some mention is made of future needs 
and possibilities* ^ 

1* Taste Variables in CSI* 

Beginning with the tastCj variables (the **irha t** 
dimensions), consider the relationship between the type and 
level of stcills to be learned and the ma^or types of 
nacrostrategies used in CAX* Table 3 shows the relationships 
between Gagne*s (most recent) learning categories and 7 
major instructional strategies* 



Insert Fi9ure 3 here* 



The '•X" marks indicate that a certain si^rategy is suitable 
or appropriate for a particular category of learning 
outcome* Verbal information (involving the memorization and 
recall of facts, details) is m<fst appropriately presented 
via a tutorial (i*e*, expository) strategy and tested via a 
drill ^ & practice strategy^ Discrimination learning 
(identification/recognition) can be presented via a tutorial 
or siaulation strategy and can be tested by drill 6 practice 
or simulation strategies (depending upon the sophistication 
of the discrimination)* Concepts (involving categorization 
or classification) can be presented by tutorial or 
exploratory strategies depending upon whether the desired 
mode is expository and teacher^controlled or self discovery 
and student-controlled. The value of exploratory strategies 
has been extolled &y Papert 6 Solomon, 1972 (LOGO), Pelee, 
197ft (APL) and Dwyer, 197ft (BASIC)* 

Principle (rule) learning can 'ialso use either ' tutorial 
or exploratory strategies as well as simulation and socratic 



3* The details of these learning categories are given in 
Gagne & Brlggs (197ft)*, Appendix I describes each of the 7 
strategies shown ^ 
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(dialogue) strategies* Principle learning ioTolires - the 
learning of both rules and exaraples of their application* 
They can ba taught in the four ways illustrated in Figure 4* 



Insert Figure ^ here* 

Thus, tho presentation of botK rules and instances is an 
expository strategy and vould be done via a tutorial 
strategy; presenting instances and expecting the student to 
induce the rule or 7ice*versa are examples of socratic pr 
simulation strategies; and r^uiring the 'Student to induce 
both rules and instances is an exaiple of discovery learning 
and an exploratory s>5rategy is appropriate* To givev a 
concrete exaeple, if are teaching the programing concept 
of recursion, ve could present both the rule and suitable 
exanples (probably contrasting i\ with iteration) following 
a tutorial strategy; ve could provide the rule and astc the 
student to deduce an exaatple or give soie examples and have 
the student Induce the rule eith^er via a simulation or 
socratic dialogue; or ve could teach the student a recursive 
language like LOGO and alloy the student to discover the 
idea of recursion without any explicit instruction* The 
suitability of these possibilities will depend upon the 
particular learners, the nature of the tasJt, and the 
pedagogical biases of the instructional designer* 

Problem solving skills (the derivation of bigber*order 
rules) is probably best taught using exploratory or socratic 
strategies or via simulations or games* The important thing 
is that students actually try to solve problems themselves 
rather than being shown* Sach of 'these strategies is 
particularly appropriate for certain sub^Jects and learners* 
Simulations are guite^ frequently used in subjects vbere a 
realistic context is important (e*g*# medical or pilot' 
training)* Games are typically very motivating and hence 
suitable for use iiith young children or students with 
relatively little background in a subjec^t* Exploratory 
strategies are appropriate vhen the leartier is capable, of 
directing the course of inquiry or when this is an object of 
the^ instruction* This latter stciXl is close to the learning 
of a cognitive strategy (the generation of 
problems/questions and methods of solution) and to creative 
abilities* Cognitive strategies are best taught via 
exploratory or socratic strategies, case studies, 
simulations or games* Once again, the particular choice of 
strategy will depend upon the learner and the task* Por 
example, learning strategies appropriate for diagnostic 
activities (e*g*, medicine, counselling) are probably best 
taught via case studies while ' learning strategies 
appropriate for scientific research l^^ in physics or 
chemistry) are lihely best done with simulations* The 
learning of attitudinal skill.*? is most appropriate for games 
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or case studies in which evaluative or choice behavior is 
the lajor type of student response* Finally, none of the 
strategies listed are appropriate for the instrnction of 
■otor skills {except for the obvions sldLll of typing at the 
keyboard) and in fact standard CItl systens &re not 
appropriate for th^ teaching of such skills. ♦ 

As mentioned earlier, th<^ 7 strategies just discnssed 
are aacrostrategies. Humerous licrostrategies can be used 
with any particular lacrosti^ategy. Bovever, there are 
certain interdepend encies between the licro aitd 
■acrostrategies. For example, technignids snch as prompting, 
shaping, or fading have one Meaning in drill & practice or 
tutorial strategy but a slightly different aeaning iD a 
socratic strategy. Questioning styles in a tntorial^ strategy 
usually fulfill a testing or evaluative purpose; in a 

_30cratic strategy they typically serve a guiding or cueing 
role. The type of student feedback will likely consist of 
correct/incorrect messages in a tutorial * strategy, but the 
actual process restilts in a s^Jiulatioh or exploratory 
strategy. The general, point here is that it is difficult^ to 

.prescribe the. appropriate use of licrostrategies apart fron 
the use of lacrostrategies. 

The usefulness of Figure 3 is to prescribe certain 
appropriate CAZ strategics for the various skills regnired 
in a task or sabject* It 'shonld be evident that any ^arge 
aiount ot ftaterial will involve laiiy different skills and 
hence various coibinations of these st^^ategies at different 
places. The basis for the pairing of - certain .strategies and 
skills is the knowledge that^the lajor processes nsed in a 
certain strategy are the saie underlying processes required 
for the latching skill. Because our understanding of exactly 
what these processes are is still crude, the prescriptions 
given in Figure 3 are correspondingly rough and in need of 
■uch further refinement. 

To so>e extent, the choice of a particala:? strategy 
will deteriine the possibilities for the segu^ncing of a 
task. Thus, the choice of an exploratory oir socratic 
strategy puts the control of task sequence lore or less in 
the hands of the student. If a tutorial strategy is used, 
there is a need to plan the order in which tasks should be 
arranged. . Such sequencing should follow a hierarchial 



4. the conc^tual coiponents ot lotor skills can still be 
tanght via- Cm however. Actually » CAI conld possibly teach 
iiotor skills if apparatqs was specially designed for this 
purpose (e.g. , driving or flying simulators, swimning 
■ounts, writing plates, etc) 
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organization vith . respect to the coiplexity of the skills 
involved • In terns of intellectual skills. only, the 
appropriate general sequence is discriiinations, concepts, 
principles, and problem solving^Tor a general discussion of 
sequencing in instructional design, see Briggs (1968) • 

Hhile the selection of appropriate lacrostrategies and 
their sequencing should bo based upon the specific skills as 
revealed via a task analysis, it is possible to lake so«e 
generalizations about types of sub^Ject latter* Certain 
subjects or tasks are algorithmic in nature (e*g 
Rathevatics, progreuiiing, itost physical sciences) and hence 
are particularly appropriate for generative logics (see for 
exaikple, tTttal et al, 1970; Koffian & Blount > 1976} • Since 
they tend to ejtphasize problem solving and cognitive 
strategies, they trill rely heavily upon siiulation , 
exploratory, and gave strategies* Rany social and natural 
sciences (e«g geography, history, philosophy, literature, 
sociology, biology, etc*) on the other hand, involve sbstly 
verbal information and concept learning skills and vill 
therefore depend mainly upon tutorial, socratic and case 
study strategies* ^ 

To- summarize this discussion of task variables, it is 
emphasized that certain v instructional stqitegies and 
sequencing vill be more appropriate for specific learning 
categories and «ore^ generally for certain types of sub:}ect 
matter* The practical implication of this point to the 
design of CAI courseware is that no single strategy or 
sequence ^'is likely to be suitable tor all applications and 
that the choice of a particular strategy or s^uence should 
follov from a careful task analysis and specification of 
objectives in terns of necessary learning skills* 

2* Learner Variables in CftI* 

Age is an .pbvi^us '^vho** dimension vhich must be 
accomodated across different tasks aKd means* In general, 
abilities (e*g., memory and attention span, 
conceptualization, reasoning , etc*) , learning ^ styles, 
.motivations, interests, and attitudes all change vith age* 



5* Furthermore, subjects vhich are relatively stable or 
static in nature (e*g*, mathematics, statistics, physics, 
chemistry) and vhich include essential principles to be 
learned are probably more suitable for instruction via, C&I 
than those subjects vhich are 'relatively fluid or dynamic 
(e.g., psychology, sociology, history) and vhich tend to.be 
sensitive to interpretation. Of course, any single subject 
matter nay have relatively stable and dyiia&ic areas too. 
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Specifically, ne v know that young children have a definite 
visual and concrete orientation, i*e*, they learn best (and 
prefer) inf ornation vhich is. presented pictorially or 
icoiiically and in concrete forms* This Means that subjects 
or tasXs to be presented to young children should lake 
liberal use of graphics and concrete exaiiples for teaching 
concepts or principles* Furtheriore,/ young children also 
have short attention and lenor^ span'st ithich Means that 
relatively little xnforsatioi should be presented^pi^ each 
screen and that the transitions fxom screen to screen should 
be ^lall in terns of the amount of nev inforttation 
intfx>duced* AttentionaX prompts such as pointing arrows, 
flashing vords, cartoon figure^', etc., can be used in order 
to Maintain a young child's attention* To compensate for 
attentional lapses, redundancy and overlap of content as 
veil as frequent questioning or interaction should be used* 
Past Moving sequences and novelty are also useful vays to 
obtain and keep the attention of a young child *^ 

Older children (i*e«, thoso who have becofte proficient 
readers) are such less dependent on iconic inforMation and 
concrete examples and can utilise more symbolic aiid abstract 
information* Hovever, there are still certain concept 
learning and problem solving abilities vhic& iire not fully 
developed until quite late in adolescence and lauy 
motivational/attitudinal developments come even later* For 
example, students do not typically become proficient at 
self-managed or self directed learning until late 
adolescence (e*g*, senior hig'b school)* 

Special populations or Qronps of learners also require 
specific analysis with respect to unique characteristics* 
The most obvious cases are 'students vith ^ learning 
disabilities (e*g*,^deaf,. blind, retarded)'Or groups vho are 
considered disadvantaged (e*9*, **inner city* students, 
native students) • For students v^ith disabilities, it is 
obTiods - ,.1that certain Media and strategies trill be 
inappropriate and hence that the appropriate means must be 
carefully selected. For example, a program for deaf children 
should make considerable use of graphics since this ^learner 
population is completely dependent upon visual information* 
Or for **inner city** students, the coutent may need to be 
carefully selected if it is to be meaningfully related to 
their experiences, attitudes, ind motivations* The work of 
Suppes & Borningstar (1966) with the Stanford drill & 
practice program illustates this point vith respect to 



6* The television progras Sesame Styeet is a good example of 
instructional design specifically aimed at young children 
and exemplifies most of these techniques (see flarren, 1976) * 
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deftographic variables* Xn terms of change in pre/post-^est 
scoresif the progran vas lore effective vith lover^class 
elementary stiadeiits in Hississippi schools than the 
relatively affluent (and more achieveient^oriented) students 
in ' c^lifdrnla schools* Farther on this pointy Hess £ 
Tenezakis (1973) compared the attitudes of •inner city* 
students tovard CM, teachers and textbooks^ ^nd found that 
C\X vas rated More positively overall than either teachers 
or tertbootcs* Thus^ cAI may be a more powerful and effective 
medium for certain learner populations because it provides 
positive feedback^ is patient^ interesting^ consistent and 
fails to manifest sex or racial prejudices / biases* 

Kithin any particular population or groups there are 
individual differences of all shapes and sizes to contend 
vith* As is veil )cnovn# tbe delivery of individualised 
instruction is one of the 9a:}or rationliles for CKl* However^ 
at present no solid conceptual basis exists for tbe 
individualization ot instructional parameters* The 
traditional approach has been the measurement of traits via 
psychometric methods i(e*g*# factor analysis) * Aptitude x 
^Treatment Interaction (ATI) research is an attempt to relate 
such traits to instructional '^treatments'** Table 1 stiggcsts 
some possible relationships betveen c&rtain vell-^tcnovn 
aptitudes and instructional parameters. 

V. Insert Table 1 here* 



Heed achievement^and (trait) anxiety are lively related 
to difficulty level and step size since research indicates 
that lov, moderate and high difficulty have different 
effects on anxiety and acbievement motivation* Inner-outer 
locus of control is a personality diftension irhich indicates 
an individual's self -perception of the extent to trhich they 
control their life or it is controlled by others* This 
dimension likely relates to the laportance of learner versus 
teacher control in a course* Xntroversion/axtroversion is a 
personality trait which characterizes the individual's 
social and value preferences* xt is. likely, to affect the 
success of explicit feedback and motivators (in terms of 
intrinsic/extrinsic properties)* Hef lectivity/Impulsivity- is 
a cognitive style trhich is likely related to the decree to 
irhich a student benefits from self-spacing and; small versus 
large step sizes* It indicates the extent to which an ^ 
individtial vi^l assimilate information. The cognitive style 
of. levelers/sfaarpeners (closely related to .field 
differentiation) describes the vay^^n individual perceives 
and retains details^ and their characteristic methods of 
organization* This likely interacts vith the type of 
strategy used (e*g*, inductive vs* deductive^ serial vs. 
.hierarchical) * Specific ability dimensions (e*g*, verbal 
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fluency, veiory span, spatial scanning, etc*} can be related 
to, instructional paranet^rs such as step size, reading rate, 
preference for gr^aphic/textual Information, etc. Some of 
these suggested relationships have been docomented by 
Stolurotf (1972) in his proposal for instructional graniars* 

For practica^^l and theoretical reasons, the psychometric 
approach to indiriduaXization is unsati^sfactory from an 
instructional design perspective* Firsts in order to make 
practical use of traits in sui>seguent instruction they aust 
be measured via guestionaires or tests ^vhich typically 
consist of hundreds of items and' require at least an hour or 
more to complete If the instrument is to measure the trait 
reliably* Clearly, it is unreasonable to subject a student 
to a lengthy test battery preceding, each course* ^ Secondly, 
psychometric tests are norm-referenced and designed 
primarily for classification/selection decisions (i*e*, an 
individual's score in terms of relative position in t^e 
test-talcing group) * Rovever, educational , applications 
require criterion, domain or competency referenced 
instruments vhich specify in. absolute terms the specific 
aptitudes or skills a student possesses (or lacks) in the 
domain of instruction* Since this issue has been presented 
elsevhere (e*g*. Carver, 1974; Glaser,- 1972; Herrill, 1975) , 
I tfill not dvell upon it here; 

Unfortunately the wholesale rejej::tion of the 
traditional psychometric approach almost completely vipes 
the slate clean With respect to our understanding ' of 
. individual differences* clearly ' this is an unvanted 
con^guence* One solution to this dilemma lies in restating 
trait constructs in terms of types and levels of learning 
oatcomes (such as those used in figure 3) vhich can then be 
used in the specification of ob^ctives and selection of 
strategies* < In this vay, alternative vays of achieving the 
same objectives can be anticipated and accommodated in the 
ii^struction* 

& second solution lies* in adaptive programming, i*e*, 
programming in vhijcli the performance of the student is used 
to adjust instructional parameters* This does not mean 
simply branching ^ student to different content based upon 
the number correct/vrong, but the actual change in 
strategies or mbdes of presentation, step size, difficulty 
level, etc* This entails building into the system, the 



7* This is probably not so unreasbnaible hoifev«r, if the 
course is very long (e*g*, 100 hours) and the measures ,,a re 
used throughout the course or if the same measurements can 
be used for more than one course* 
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capability to ma^K^^ inferences aboot student learning styles 
and abilities basod upon both goalitative and gtiantitatire 
performance information. An example of such adaptive 
programming is the work of pasK (1975) . In a learner 
controlled program^ it is possible to identify two general 
learning strategies: a serialist strategy vhich involves a 
linear r sequential choice of subtasks^ and a vholist 
strategy vhich involves a top^ttovn^ multiple-^track selection 
of subtasJts. Paste has shovn that students vho learn via 
their, non*pre£etred strategy perform poorer than those who 
use their p^eferred mode. Once identified (via monitoring}^ 
the structure of the task can be arranged to correspond to 
the style of the individual. Suppes & Korningstar (1972) 
have demonstrated that an adaptive **response sensitive* 
program^ i.e.^ a program vhich keeps the student at an 
optimal level of difficulty^ is more effective than ^a 
learner controlled logic. 

' A third and the most sophisticated suggestion for 
adapting to individual differences ' is the idea of 
maintaining a "student model** or representation' of the 
student's present understanding of the subject matter^ or 
task (Self^ 197^)* Such a representation should map the 
skills vhich have been mastered by the learner onto the 
total domain of skills involved in the subject matter^ thus 
indicating areas of understan^ding and deficiencies* in this 
approach r selection of material can be guided by the 
student's weaknesses and strengths each student can 

receive a truly individualized instruction vhich is based on 
the details of their prior learning*^ Such ^n approach in the 
area of teaching the programming language BASIC has been 
followed by Barr et al* (1976) « It should be noted that this 
approach is presently only feasible vith jsocratic or « 
simulation strategies due to the limitations of current^CfiX 
software. 

In this section on .learner dimensions in CKXt ire have 
discussed the interactions of task and means dimensions vith 
vith the learner variables of age^ populations^ and 
individual d iff erences. Rhile a number ^ of different 
approaches to individualizing instruction vere mentioned ^ it 
should be evident that this is still a very veak area of 
instructional design. 

3. Means Dimensions in CAI. 



Ve have already dii^cussed the means difiencion of 
strategies in t^rms of interactions vith task variables. 
Control over the sequencing of instruction has been 
mentioned* There has been some research in CAX concerning 
the importance of allowing the learner to control various 
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instiructional parametersL^ particularly pacing # type and 
loaes of instruction (e*g*^ Hevkirlc, 1973; White & Siith^ 
1974) • While ther^^ is soie evidence that self-pacing laf not 
alvays be an optimal strategy (e*g*# Gropper S Kress^ 1965) 
it seeiG that it is the lost satisfactory alternative for 
lost subject Matters and learners* The PLATO system allows 
students to control. the type of instruction via special 
control keys (e*g*^ "help*»^ "lab*»^) provided this has been 
allovaa foe by the prograuer* The TICCIT system allows the 
student to control the lode of instruction (rule^ example^ 
practice) as* veil as to sel^ect the sequence, of ^ instruction 
(see Btmderson^ 197^) * while<.the virtue of le&rner control 
features has not been adequately explored at present^ the 
available research - suggests that learner control vill be 
lost beneficial in the case of students who have a 
sophisticated tcnovledge of the subject natter- or who have 
vell-dev eloped learning strategies and intrinsic, revard 
structures* ^ ^ ' 

Hedia research offers substantial literature on the 
relative inportanoe of neans variables which are relevant to 
CAI (see Briggs et al*^ 1967, or Levie & Dickie^ 1973^ for 
conprehensive and - evaluative surveys) ** Three najor 
variables are the degree of realisn in illustrations # the 
importance of color # the valu^ of notion over still 
pictures^ and choice of audio or visual nodes* As far as ^he 
degree of realisn in illustrations^is concerned^ it seens 
that sinple iine drawings are generally nore effective tlian 
realistic schenatics or photographs unless the realistic 
detail is essential to understanding or the student can 
study a realistic illustratioit for anlinited tine* Color has 
generally been shovn not to be nore effective than 
nonochronatic, displays (black & white) in terns of 
perfornance; hovever^ it has been shovn that color is alnost 
always preferred by students (particularly children) and 
hence nay be valuable for its notivational properties* in 
addition^ color used as a highlight or cue nay be 
particularly inportaitt for students with poor discrininatoxy' 
skills or poor visual ability* Dvyer (1976) has studied the 
interaction of degree of realisn^ use of color^ and IQ* His 
results shov that the effects of realisn and color differ 
with the criterion neasures and 10 levels^ once again 
enphasizing the necessity of considering any instruictional 



6* Sone of .the variables investigated in nedia research 
(e#g*^ notion^ are not of inmecliate interest since they are 
not capabilities of curreitt systens* However^ future CAI 
systens will undoubtedly have the capability , for notion 
* (e*g*^ videodiscs) and hence these features vill be 
inportant in CAI design* 
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variable In teras of the learner x task x aeans interaction* 

Research on the Inportance'Xof w^tlon sequences over 
still pictures has shovn that sotion "^is particolarl; 
effective vhen the learning involves a co-^orainated sequence 
of actions or processes* With respect to the. respective 
value of audio or visQal flodes of pre^ntation^ reading is 
generally found to be superior to listening because the 
reader can take iidvantage . of the greater . duration 
(refer ability) of printed text* Hovever^ young children 
learn better £rom verbal presentations until they have 
developed reading proficiency* There are also the obvioQS 
tasks (e*g*^ foreign langauge learning^ flusic) vhich vill 
require considerable dQdio presentation* With respect to the 
siflultaneous presentation of^aodio and visual inf orieation^ 
redundant inf ornation on both channels tends to be 
facilxtative vhile sinQltai^f^ous presentation ol different; 
inforsa'tion" bn^Bbth "channels "re^ in interference since 
only one sensory node can be attended to at once* 

Tvo general neans .^disensiclns of concern to CAI are the 
use of graphics and typography* {Graphics includes the use of 
illQstrations such as graphs^ s*ketches# flovcharts# 
diagraas^ as veil as Qaderlining or boxing of important 
ideas^ arrovs ^to indicate coanections^ variable size letters 
for eflphasis# etc* Typography concerns the organization and 
layoQt of text in tens of size^of print#_typefont# spacing^ 
indentation^ justification # page siiseV etc* Little (if any) 
research has been conducted to investigate the paraneters of 
either graphics or typography specifically in CAI systems* 

We have already discussed the isportance of the liberal 
QSe of graphics for young childri^n and certain learner 
populations* Hovever^ there are tvo general reasons for 
using graphics* Firsts iconic information is often es:^ntial 
for shoving conplex interrelationships and developing an 
iutuitive understanding of a concept or principle* Graphics 
are coflsonly used in the physical sciences^ flathesatics and 
statist ics# econoflics and socio£ogy for tt^ese reasons* 
Secondly^ graphics are gederally flotivating and attention 
focusing ^(in support of this pointy ve^dan refer to the use 
ofv-graphics in adv^tising)* This is particularly evident in. 
the case vhere graphics are used to deliberately highlight 
or eaphasi^e basic concepts # principles # or definitions* 
Finally^ there is the point that the sane infonation 
presented in different graphic fons can cbnvey different 
fleaning to the student* Thus as a remedial neasure^ 
alternative graphical presentations conveying the sajK idea 
are probably helpful* In fact^ alternate graphics for the 
sane idea nay be acre useful than a verbal paraphrase of the 
sale idea in vritten text (a usual renedial procedure)* A 
good discussion of interactive cpnpoter graphics is given by 
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Bork (1976) * 

Typographical research is concerned vith the ^factors 
vhich affect the legibility of printed tert and hence the 
ease, speed and accuracy of reading* The following are soie 
selected research findings fron typographical research: 

^ text in capital letters or italics is read slover 

than lovercase 

♦ certain typefonts inhibit reading speed 

. ♦ for a particular size of type and typefont, there is 
an optiflral interline spacing (generally no spacing and 
too nuch spacing slov dovn reading speed) 
^ in terss o£ the color of print and baclcgrounds, the 
brightness contrast is the nost important 
characteristic 

♦ glazed'^or shiny paper texture inhibits reading speed 
^ curvature decrea:^es legibility 

♦ unjustified text is store legible for short lines; 
justified text allovs longer line lengths 

It is probably thQ case that lany of ^the factors tcnovn to 
affect the legibility of text are relatively inconsequential 
for lature readers under nost reading conditions; hovever 
they ftay result in serious hindrances to- young children and 
special groups of learner,s (e*g*, retarded) and hence be 
very important considerations for these students* The fact 
that capital letters retard reading speed suggests that 
terminals vhich do not have the capability for lover-case 
characters are unsuitable for^ CAI coiirses vhich reguiire 
extensive reading* Because CAI anthors typically design 
their ovn typographic layouts (vith respect to line vidth, 
inter'-line spacing^ justi£ication, use of capitals and 
itaXios^ etc*) , it is clearly important that they be 
Icnovledgable about the effects'^of typographical variables* 
Tinker (1965, Part ^ 3) provides a gooS introduction to 
typograpj^ical variables and conpr^enslve bibliographies of 
research are given by. Bartlev et al* (197(|) and Tinker 
(1966)* * , 

Ke have considered a ^ nuiber of seans dimensions 
including strategies, learner control, various ledia, 
^aphic and typographic variables* Vhile so«e 
recoBiendations vere vade, very fev of these recoiiendations 
are lade ou the basis of research done vithin a CAI context* 
On til such research is conducted, such recosiendations vill 
reiain very tentative in nature* 

4« The Instructional Design Cycle in CAT Activity # 

Recall that there are 5 sajor stages^ or phases in the^ 
instructional design cycle (depicted in Figure 2). The first 
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Stage involves the identification of educational needs and 
goals. CAI activity is dedicated to tho belief that 
individualized instruction Is a desirable, and important 
educational goal and further, that the coisptiter delivery of 
instruction is a very effective means of achieving this 
goal* However, it is necessary to recognize that other 
educational Qoaj-S exist and ones which CAI lay^not be able 
to contribute toward* For exasple, socialization (5.*e*, the 
ability of an indivij u£tl to successfully interact vith 
others) is considered by most to be an important educational 
goal* This sTcill is acguired more or less inadvertently 
within the traditional classroom mode of instruction by 
virtue of the fact * that the classroom provides a sociaT 
learning situation* Strict individualization of instruction 
as nould be achieved with CAI would not contribute toward 
this goal* 

As far as the specific content of what is to be taught 
(e*g*r basic sJcill^; versus diverse curricula, for instance), 
C^I does not really Imply any particular commitment* ^ 
Bowever, the selection of CAl as the instructional medium or 
methodology does mean that students will need to adopt some 
degree of ••computer literacy»» (e/en if this is simply 
learning how to use a terminal) * This represents a subtle 
educational goal or value ;jud9ement, namely that the abili.ty 
to interact, vxth a computer program is a desirable 
educational experience* In general, most (but not all) would 
agree that this is a worthwhile component of, a contemporary 
education* 

It is also necessary to recognize that different goals 
and needs exist for various. groups* Students have particular 
needs (e*9* , self-actualization, creative desires, etc*) 
which a CAI system must satisfy* Authors designing CAI 
courses also have certain goals and needs # a 

procrramming language which is easy and powerful; recognition 
of their worJc, etc*) which also must be met* Sducational 
administrators have another set of needs and goals which 
stem ^rom economic and organization concerns* Finally, the 
general public {parents, politicians, businesstten) have 
expectations about the quality and results of instruction 
(e*g*, accepted levels of reading and writing competency)* 
In many cases, the needs or goals of different groups ^will 
conflict and resolutions must appeal to some higher-level 



9* Historically it is trur^ that mathematics and physical 
sciences have dominated the typ€i of instruction presented 
via CAI* However, this picture is rapidly changing as the 
professions , social sciences and humanities become 
increasingly aware of^computor methodology* 
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notion of tho purposes of education* 

The cons^ideration and synth&sls of all of these 
goals/needs and their practical tra^tslation ioto something 
specific enotigh to be taught rests iiainX? In the hands of^ 
the Cfll author* Kany authors will d«=:sign cotitses with very* 
vague notions of instructional ohjectiros vhlXe others will 
work with quite specific behavioral statements. In 
addition to the nkill of the author at task analysis, the 
statenent of objectives will also gcpand (you should be 
reacting automatically with this hy. now) upon the nature of 
the task and the learners. Thus, soie tasks and learners are 
relatively easy to derive objectives for, others are 
difficult* However should be clear from the preceding 
discussion, the degree of precision achieved in selecting 
the appropriate ©eaas of instruction will depend heavily 
upon the precision nith which the objectives are specified* 
£ crude learner and task analysis will lead to a cmde 
choice oV ^ instructional meaos. In traditional, lock~step 
classrooB instruction this aiay well be unavoidable; in CAI 

it is not* Jlone-the-less, CAI is often used crudely* 

> ■ 

In terns of realizing instructional objectives in CAI, 
it, is necessary to ensure that the skills indicated by the 
objectives ar(^ taught and that they are appropriately 
evaluated* The relationships between the various types and 
levels of skills and the selection of strategies in CAI have 
already heen discussed* 

Preparing instruction in C\l revolves around the 
flexibility, power and ease of use of a particular author 
language and associated CAI systei* Inportant factors here 
involve whether authoring can take place on-^line or not, the 
avaiJLability and power of text-editing features^ procedures 
^for graphic definitions/ and the specific capabilities of 
the author language with respect to defaults^ implicit 
branching, etc* Zinn (1974) has discussed the desirable 
characteristics cf Authoring systems* In addition to the 
nature ^ of the author language, there is also tbe capability 



10* Often those naive to CAI assu«e that because something 
is programed on a coiputer, the instructional obj^:rtives 
Kusf have been specified very clearly* Vhile it is true that 
in order to prograi something, every step in the 
Instructional sequence must be sade explicit, it is still 
easy enough to specify a^. very ^ detailed sequence of 
instruction which doesn *t achieve any particular objectives* 
The u^e of CAI: enisures that the instruction will be 
replicable but unfortunately does not guarantee that 
objectives will be specified and evaluated* 
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of the system itself to be considered* This inclades the 
availability of aadio-visual, psychological, and 
instructional specialists and pcograiiers, systei 
availability, response tine'^ and reliability, the nanber, 
type and location of student teninals, etc* Both the author 
language and the systea features provide constraints on the 
instructional leeans which may be used in the design of a 
coarse* 

The evaluation stage of instructional design 4^n CAX 
offers considerable inprovenrent over this stag? in non-CAI 
applications* The reason for this is that CAX ^llovs for the 
coiplete, automatic, and unobtrtisive lonitoring of all 
stadent performance* These data provide a detailed sixiirary 
of a student*s learning history for the purposes of student 
evaluation and at the sase ti^e, inforaation on the 
effectiveness of the instruction across all students* From 
these data, it b^oies possible to pinpoint particular 
students who are having difficulties and the^specific nature 
of these difficulties* ^ It also points out instructional 
sequences vhich are ineffective and need to be revised* Thus 
the feedback: cycle betjreen evaluation and the previous tvo 
stages is: explicitly provided for in a CAI systei. This 
capacity to empirically monitor the success of instruction 
is a major reason why CAI represents ' a sensitive 
instructional technology and cne in vhfch the value of 
instructional design can be systematically demonstrated* 

The last stage, implementation , *,s currently a thorny 
one in CAI developnent because of th^ complex technical, 
economic, and political probl(»ms involved* Technic^ 
problems involve the appropriate selection of suitable 
hairdvare {e*g *, a dedicated versus shared cpu, terminal 
types) , software |range, power; flexibility) , and the 
distribution and transfer of developed courses (copyright, 
standardization)* Economic problems center arouiJ\'the costs 
of hardware, instructional programmers and system support 
^staff, and the large amount of time required to author a 
course (time-money)* Hhile the relatively high cost ^f CAI 
is currently a major obstacle to-^it£ijiidespread ua, \ this 
problem will likely become minor as, the eventttal — co,^ _Pf 
hardware becomes negligible (software costs will r^ain, 
however) * Political problems include the opposition ftom 
teachers who see their role as major providers of 
instruction being threatened, the change im academic ^ power 
structure created by CAI facilities, and ignorance on the 
part of general public and politicians regarding the nature 
and impact of computer education* A good discussion of 
political problems encountered in CAI is given by House 
(197i|)* 

«ith regara to the feeaback cycle between the 
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inpleieotation stag^ and the initial stage of goal 
definition, only a fev CKl systems hare existed long eobogh 
for any iipleaeotatioo effects to foe assessed * It is 
possible to offer a few spectilative guesses about such 
effects* For example, once students have been exposed to 
inteosire, individualized, ^nd interactive instruction on a 
regular uasis^. it is likely hat they will coie to expect 
and perhaps ii^osaod this .lity of instruction* Another 
possibiliy is that after considerable long*terB exposure to 
individualized instruction, students vill have a definite 
need for socialization experiences which are no longer 
provided by cldssroom interaction* It is also possiblfi to 
speculate upon the lore general and profound effects on the 
educational system and society at large (e*g*, the re-- 
education of teachers to be instructional designers , 
prograiners, etc*) • 

The preceding discussion of the different stages, in the 
instructional design cycle ^ has highlighted soie of the 
considerations in the application of instructional design 
within a CAT context* It illustrates hov the tbree lajor 
coit>onents of instructional design (i*e«, tasX, learner, and 
seans analysis) fit into an overall pattern and fartheriore, 
the importance of the factors involved in the identification 
of $oals, evaluation # and inpleientation vhich influence the 
overall success of instruction* To lalce an analogy vith the 
design of a car — the car can be carefully designed and 
engineered but the fact that the car requires fuel and that 
it pollutes the environnent or that it is sloppily assembled 
in the factory vill result in a product of questionable' 
social or personal worth* Sisilarly, the\Ulti«ate utility of 
instructional design (in a CAI context or otherwise) * rises- 
or falls vith the entire educational systei of vhich it is 
part* 
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IXLi ConcjLusioBs* 

The preceding discassion has emphasized that, the 
selection ot the appropriate instructional «oans ftast be 
determined by the releyant learner and taste dimensions* A 
consegaence of this point is the fact that the instructional 
designer needs to adopt a pluralist philosophy vitb respctct 
to the utilization of different methods and media* Ho, single 
technique can be expacted to apply to all tastes . and 
learners* Thus the delivery of effective instruction 
requires the facility to employ different strategies, media, 
and methods* CAT provides the instructional designer vith 
this facility for it is neither a medium nor metho(1olO(gy " 
it encompasses many media and methods. 

The major advantage of carrying out instructional 
design in d CM context is that CAI provides a suitable 
environment for the systematic delivery and^ evaluation of 
instruction* Because instruction is programmed, the compnter 
code represents an explicit and reproducible form of tht^ 
actual delivery (not just the content) * Because student 
performance data can be collected and processed 
automatically, the quality and effectiveness of the 
instructional design cavi be constantly monitored* Because 
instruction is individualized, the appropriate learner 
variables can be accomodated* Because all delivery media are 
integrated and synchronized, the proper co-ordination of 
, media is ensured* 

However it vpuld.be trrong to leave the impression that 
CAI guarantees effective instructional (delivery for three 
'Rajor reasons* First; without adequate instructional design, 
the use of CAX can be liXe using a supersonic jet to spray 
farm crops* in fact because of its power, poor CKT 
instruction probably has greater potential for harm than 
other instructional approaches* Secondly^ there are certain 
tastes, sfcills, or learners with which CAI may not be the 
best approach* The^specific case of motor skills has already 
been mentioned* i^hirdly, the details of how certain 
instructional Variables interact or their effects in a CAI 
context are simply not Rnown. Heeded^ research has been 
alluded to in many parts of this report* 

Early in the (liscussion, instruction was contrasted 
with teaching and learning* ]^t is likely that the use of the 
computer in education will eventually dissolve th is 
distinction* As computers become widely used for clerical 
and administrative functions, counselling and guidance, and 
even personal uses, the distinction between instruction and 
teachxng will become fuzzy and disappear* Although it has 
not been emphasized herein, CAX is also very important as a 
tool to investigate learning processes and to test 
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theoretical notions about huaan learning* {Of course^ any 
prescription for instruct Ion is either based upon or 
constitutes a hypothesis about learning processes*} Cil 
brings together the delivery of instruction and research in 
learning in a way that is not possible vhen teaching and 
learning research are separate activities* It is hoped that 
the tremendous pover and sophistication that the conputer 
permits for instructional design i*ill be carried over to 
other education domains* 
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APPENDIX !• 

This appendix gives a brief description of each of the 
7 rajor strategies coMSonXy used in CAX along vith 
references to vork vhich exenplifies this strategy* Keep in 
aind that any particular cour^ vill often combine a nosber 
of these strategies* 

1* Drill 6 Practice* This involves sisply the presentation 
of a problea follotred by an appropriate cocrect/incorrect 
message* No instruction is involved* The best examples 
are the Stanford programs in grithsetic and readin^r (see 
Atkinson, 1974; Soppes & Homingstar^ 1972)* 

2* Tutorial* A tutorial strategy involves a general three 
stage sequencee: the presc^Dtation of concepts/t>rinciple&^ 
testing, and the branching to further instruction based 
upon the ansver analysis. Kost of the PLATO cour&evare 
utilizes a tutorial strategy* 

3* Exploratory* An exploratory strategy involves providing 
the student vith suitable aeans (e*g*^ a prograsiiing 
language) and then allx>ving the« ^o Invent/discover their ^ 
ovn problems and solutions* This type of stratchgy is 
described by Dvyer (1974), Papert & ^loson (1972) and 
Peele (197«) * 

4* SiBulatiofi* in this stra.tegy# a sodel of a systes^ 
process, or activity is provided vhich allovs the student 
to alter the parameters and observe the results* The best 
Icnovn and aost successful examples are the Huntington 
Project simulations vritten in BASIC* 

3* Socratic* The socratic strategy involves providing 
instruction in a dialogue (question and ansver) fashion* 
The central notion is to force students to reason for 
theaselves* The best examples are the SCROLAB and SOPHIE 
programs both described in Bobrov S Collins (1975)*-' 

^* Ca^e Studies* A case Study strategy involves the 
descriptive presentation of a situation vhich illustrates 
a particular' pattern or configuration of variables* The 
CARE (Computer Assisted Renedial Education) programs 
originating £roa Pennsylvania State nniversity utilize 
case studies frequently* 

7* Gaaes^ A gaoie strategy is basically intended to entertain 
and usually involve;: coRpetition between the student and 
the computer to vin (e*g*^ tic-tac*toe^ spelling quiz^ 
space var, etc*)* A description of lany games vritten in 
BASIC is given in Ahl (1975)* 
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